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[57] ABSTRACT 

A heart valve prosthesis removably mounted on a su 
turing assembly. The suturing assembly has an annular 
sleeve carrying a fabric collar. Sutures secure the collar 
to heart tissue. The heart valve has a base that is remov 
ably mounted on the annular sleeve. The suturing as 
sembly is initially secured to the heart tissue. The heart 
valve base is then attached to the sleeve and locked in 
place. If a replacement valve is necessary, the heart 
valve prosthesis is removed from the sleeve without 
detaching the suturing assembly from the heart tissue. 
A new heart valve prosthesis is then mounted on the 
suturing assembly. -' 

35 Claims, 13 Drawing Figures 
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HEART VALVE PROSTHESIS AND SUTURING 
ASSEMBLY AND METHOD OF IMPLANTING A 
HEART VALVE PROSTHESIS IN A HEART 

BACKGROUND OF THE INVENTION 
Sewing rings or suturing members are used to attach 

heart valve prostheses to heart tissue. Sutures connect 
the sewing ring to the tissue. The sewing rings are made 
of biologically inert materials that are compatible with 
blood ‘and heart tissue. Manywsewing rings have fabric 
covers which permit tissue ingrowth whereby the sew 
ing rings are ?rmly ‘attached’. to theheart tissue. The 
tissue ingrowth does not allow the sewing ring to be 
readily removed from the heart tissue without cutting 
additional heart tissue. Examples of suturing members 
for heart valves are shown in U.S. Pat. Nos. 3,099,016; 
3,491,376; and 3,763,548. ‘ ' 
Prosthetic heart valves have been proposed which 

are attached to the heart tissue with clamp and hook 
like structures. These valves are known as sutureless 
heart valves. Examples of heart valve prostheses using 
sutureless ?xations are shown in U.S. Pat. Nos. 
3,143,742; 3,546,710; and 3,574,865. Replacement of 
the valve cannot be accomplished unless the valve 
structure is disassembled or the valve is removed with a 
portion of the heart tissue remaining attached to the 
valve structure. 
The normal heart valve prosthesis must be reliable in 

use over an extended period of time. The valving mem 
ber of a functioning heart valve prosthesis completes 
40 million cycles in each year of operation. After a 
period of time, many heart valve prostheses malfunc 
tion and must be replaced with a new heart valve pros 
thesis. Changes in the condition of the patient'and 
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be‘quickly attached to the suturing assembly and the 
valving member circumferentially orientated to pro 
vide a blood tlow in a desired direction away from the 
valve. » 

The invention also includes the method of implanting 
a heart valve prosthesis in a heart, circumferentially _' 
orientating the valve‘ member, and replacing the heart 
valve prosthesis at a subsequent time. The natural heart . 
valve is removed from the heart, leaving a small annu 
lar valve rim or remnant on the heart wall. The suturing 
assembly is then placed in the opening created by re 
moval of the natural heart valve and attached to the 
annular valve rim. This is accomplished with attaching 
means, as sutures, clips or tissue adhesives. The heart 
valve is then mounted on the suturing assembly. When 
a disc-type valve is used, the valve base and disc are 
circumferentially orientated or positioned away from 
the heart tissue and calci?cations which can interfere 
with the blood flow and free movement of the disc. 
During the healing process, heart tissue grows into the 
suturing assembly to form a pennanent mechanical 
union. The heart valve prosthesis can be replaced with 
out damaging the union between the suturing assembly 
and the heart tissue nor damaging the new heart valve 
prosthesis. - 

An object of the invention is to provide a suturing 
assembly adapted to releasably accommodate a device, 
as a heart valve prosthesis, in a manner so as to permit 
the device to be removed from the suturing assembly 
after the suturing assembly has been attached to living 
tissue. A further object of the invention is to provide a 
suturing assembly adapted to releasably hold heart 
valve prostheses of different designs whereby heart 

' valve prostheses of different designs and types can be 

35 
heart of the patient may require a new heart valve _ 
prosthesis or a heart valve prosthesis of a different 
design. It may be desirable that a new heart valve pros 
thesis of a new design be used in lieu of a heart valve 
prosthesis operating in the heart. 

SUMMARY OF THE INVENTION 

The invention relates to a heart valve prosthesis and 
suturing assembly wherein the heart valve can be re 
moved from the suturing assembly after the suturing 
assembly has been attached to the heart tissue. A new 
heart valve prosthesis of the same ordifferent type, i.e., 
ball, disc, poppet or torus valve, can be mounted on the 
suturing assembly attached to the heart tissue. Broadly, 
the invention is directed to a suturing structure attach 
able to living tissues for releasably holdinga device 
such as an implantable‘ device, including a heart valve 
prosthesis. 
The heart valve prosthesis has a base with a passage 

.for permitting the ?ow ,of blood through the base. ‘A 
movable valving element is retained on the base' to 
permit one-way ?ow of blood through the‘ passage. The 
suturing assembly has means for releasably accommo 
dating the base whereby the base can be removed from 
the suturing assembly after the suturing assembly has 

40 

45 

50 

55 

60, 
been attached to the heart tissue. Lock means asso- ; 
ciated with the the suturing assembly and base are used. - ' 
to hold the base in a ?xed assembled relation ‘with the 
suturing assembly. The suturing assembly and base 
have c'oactingreleasable structures, such as cooperat 
ing threads, tongue and groove structures and the like, 
which mount the base on thesuturing assembly. The 
threads can be four start threads whereby the base can‘ 

interchanged by the surgeon. Another object of the 
invention is to provide a heart valve prosthesis that can 
be attached to a suturing assembly in selected circum 
ferential positions so that the blood ?ow direction away 
from the valve can be controlled and the moving valv~ 
ing means positioned away from heart tissue and calci 
?cations that may interfere with movement of the valv 
ing member. Another object of the invention is to pro 
vide a heart valve prosthesis with structure which al 
lows a malfunctioning heart valve prosthesis to be re 
placed with a new heart valve prosthesis without re 
moving the structure used to attach the heart valve 
prosthesis to the heart tissue. Yet a further object of the 
invention is to provide a heart valve prosthesis and“a 
‘method of implanting. theheart valve prosthesis which 
can be implanted in the heart with a minimum of dan 
ger of damaging the valve structure. Another object of 
the invention is to provide a method of implanting a 
heart valve prosthesis in a human heart wherein a su 
turing assembly ,is initially secured to the heart tissue 
independent of the heart valve prosthesis and the heart 
valve prosthesis mounted on the suturing assembly 
after it is connected to the hearttissue. Yet another 
object of the invention is to provide a method wherein 
a heart valve prosthesis can be replaced without remov 
ing the suturing member used to hold the heart valve 
prosthesis in operative relation with the heart tissue. 
Other objects and advantages (of the heart valve pros 
thesis and suturing assembly are set out and apparent 
from thefollowing description of the invention. 

65 IN THE DRAWINGS 

FIG. 1 is a schematicillustration, partly in section, of 
a human heart having a heart valve prosthesis mounted 
ona suturing assembly connected to heartytissue; ‘ 
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FIG. 2 is an exploded side elevational view of the 
heart valve prosthesis and suturing assembly; 
FIG. 3 is an enlarged sectional view taken along line 

3—3 of FIG. 1; 
FIG. 4 is an enlarged sectional view taken along line 

4-4 of FIG. 3; 
FIG. 5 is in enlarged sectional view taken along line 

5-5 of FIG. 3; 
FIG. 6 is a top plan view of FIG. 5; 
FIG. 7 is an enlarged sectional view taken along line 

7-7 of FIG. 5; 
FIG. 8 is a sectional view'of a portion of a human 

heart with the natural heart valve removed; 
FIG. 9 is a view similar to FIG. 8 with a suturing 

assembly stitched to heart tissue; 
FIG. 10 is a view similar to FIG. 9 showing a heart 

valve prosthesis mounted on the suturing assembly; 
FIG. 11 is a side elevational view in section of a ?rst 

type of disc heart valve removably mounted on the 
suturing assembly of the invention; 
FIG. 12 is a side elevational view in section of a sec 

ond type of disc heart valve removably mounted on the 
suturing assembly of the invention; and ' 
FIG. 13 is a side elevational view of a third type of 

disc heart valve removably mounted on the suturing 
assembly of the invention. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Referring to FIG. 1, there is shown a diagram of a 
human heart 20 with the suturing assembly 26 of the 
invention carrying a ball-type heart valve prosthesis 25. 
Other types of heart valve prostheses, such as shown in 
FIGS. ll, 12 and 13, can be releasably mounted on the 
suturing assembly 26 with suitable modi?cation to the 
base or ring parts of the valves. Examples of other heart 
valves are shown in US. Pat. Nos. 3,438,394; 
3,737,919; 3,824,629 and 3,825,956. Heart 20 has a 
left atrium 21 and a left ventricle 22. the right atrium 
23 is separated from the right ventricle 24 with a mitral 
valve 27. An aortic valve prosthesis 28 is located be~ 
tween the left ventricle 22 and the aorta 29. Prosthesis 
28 is located inwardly of the coronary arteries 32. The 
aorta 29 leads to a plurality of arteries 31. 
Referring to FIG. 2, valve 25 has an annular base, 

ring or housing 33 having a passage 43 for allowing 
blood ‘to ?ow through the base. An open cage 34 is 
secured to the base 33. A spherical valving member or 
ball 36 is located within the cage 34 and moves relative 
to base 33 to open and close passage 43. Cage 34 com 
prises three rod members 37 having ends secured to 
one side of base 33. The opposite ends of the rod mem 
bers 37 curve inwardly and are secured together at 38 
along the central axis of the passage 43. 
Referring to FIG. 3, base 33 has inwardly directed 

projections or legs 41 on the blood inlet side of the base 
that engage separate portions of ball 36 when the ball 
36 is in the closed position. Cage 34 and legs 41 are 
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retaining means thathold the ball 36 in free-?oating . 
relationship with the base 33. Base 33 has an inside 
annular wall 44 surrounding the passage 43. When ball 
36 is in the closed position, there is aslight annular 
space 45 between the outer peripheral surface of the 
ball and the adjacent inside wall 42. The annular space 
45 allows limited reverse or back ?ow of blood through 
the passage 43 and prevents the ball 36 from being held 
on the base 33. Ball 36 is free to randomly rotate in 
base 33 and cage 34, thereby avoiding localized sites of 
wear. 
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Referring to FIG. ,4, base 33 has an outside cylindri 

cal wall 44 and a threaded cylindrical section 46. An 
inwardly directed annular shoulder 47 is located be 
tween wall 44 and threaded section 46. The threaded 
section 46 has a diameter smaller than the diameter of 
wall 44. - 

The materials of base 33 and ball 36 are wear resis 
tant and compatible with blood, body ?uids and tissues. 
Examples of these materials include plastics, as poly 
carbonates, alumina ceramics, metal such a titanium, 
and silicone alloyed pyrolytic carbon coated substrates. 
Pyrolytic carbon materials are disclosed as usable in 
heart valves in US. Pat. Nos. 3,546,71 1; 3,737,919 and 
3,825,956. 
Suturing assembly 26 has an annular member or 

sleeve indicated generally at 48 carrying a collar 49. 
Sleeve 48 is a rigid member of metal, plastic or like 
material. Collar 49 has an outwardly directed annular 
?exible ?ange 49A. When suturing assembly 26 is used 
in the aortic position, ?ange 49A can be omitted so 
collar 49 has an annular cylindrical shape. Collar 49 
includes a fabric cover, as “Te?on” or “Dacron” cloth. 
The cloth is biologically inert and does not deteriorate 
with time. The cloth is preferably an interlaced or knit 
ted fabric having spaces into which living neointima 
tissue grows to form a permanent mechanical union 
between the cloth and the tissue independent of sutures 
applied by the surgeon. The materials of the suturing 
assembly 26 are sterilizable, biologically inert, non~ 
irritating, non-pyrogenic and non-toxic to body ?uids 
and tissue. 
Sleeve 49 has an inside cylindrical wall 50 and a 

threaded section 51 adapted to engage wall 44 and 
threaded section 46 of base 33. An annular shoulder 52 
is located between the wall 50 and threaded section 51. 
The shoulder 52 engages shoulder 47 to ?x the assem 
bled position of base 33 on the sleeve 48. Threaded 
sections 46 and 51 have a plurality of screw threads. 
Preferably the threads are four start threads whereby 
the base 33 can be mounted on the sleeve 48 in four 
positions. The number, size and type of threads can 
vary and still achieve a releasable connection between 
the base 33 and sleeve 48. Other types of coupling 
structures, as tongue and grooves, splines, projections, 
"dimples and recesses and the like, can be used to mount 
the valve base 33 on sleeve 48. Base 33 and sleeve 48 
have coacting cooperating means, i.e., threads 46 and 
48, which permit the removal of the heart valve pros 
thesis after the suturing assembly has been applied “to 
the heart tissue. This means also permits circumferen 
tial positioning or orientation of the valve base on the 
suturing assembly. 
Sleeve 48 has outwardly directed upper and lower 

annular ?anges 53 and 54. An upper, outwardly open 
groove 55 is located adjacent ?ange 53. A similar 
lower, outwardly open groove 56 is located adjacent 
the inside of ?ange 54. Collar 49 has suture receiving 
porous fabric member or cloth 57 and is mounted on 
the sleeve 48. Connecting means, as sutures 58, are 
used to attach the collar 49 to the heart tissue 59. The 
connecting ‘means can be clips or tissue adhesive. Fab 
ric member 57 has a portion located between ?anges 
53 and 54. A plurality of cords, surgical ties or strings, 
or threads 60 are wrapped around the member 57 to 
hold the member 57 on the sleeve 48. A plastic sleeve 
may be used to hold fabric member 57 on sleeve 48. 
Examples of plastic sleeves used in suturing members 
are disclosed in US. Pat. Nos. 3,396,409; 3,763,548 
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and 3,824,629. One or more cords hold‘a portion of the 
fabric member 57 in groove 55. Additional cords-‘hold 
another portion of the fabric member 57in groove‘ 56. 
The fabric member 57 is thereby held in a ?xed posi 
tion on sleeve 48. The cords 60 hold the upper and 
lower portions of the fabric member 57 in engagement 
with ?anges 53 and 54. The fabric member 57 has 
turned ends 61 and 62 that are joined together‘ with 
suitable stitches 63. Stitches 63 also hold a portion of 
the fabric member 57 adjacent the outside of cords 60. 
Referring to FIGS. 3, 5,6 and 7,‘ there is shown a 

releasable lock means indicated generally at 64 for 
holding the base 33 in assembled relation with sleeve 
48. Releasable lock means 64 includes a bore 66 in the 
sleeve 48 adjacent the lower or in?ow end of the sleeve 
48. A rotatable body 67 is located in the bore 66. An 
enlarged head 68 integral with the outer end of body 67 
has a lip 69 of a length sufficient to extend over a por 
tion of the base 33, as‘shown in FIG. 5. Head 68 has a 
?at side 70 used to release the base 33 from sleeve 48. 
The central part of head 68 has an inwardly directed 

1 socket 71 having a non-circular shape for accommo 
dating a tool used to rotate the head. When the head 68 
is rotated approximately 90°, as shown in broken lines 
in FIG. 6, the lip 69 is moved from the base 33. The 
base 33 can then be rotated to disassemble the base 
from the sleeve 48. 
The body 67 is held in assembled relation with the 

sleeve 48 with a snap ring 72. As shown in FIG. 7, body 
67 has a annular groove 73. The sleeve 48 has an annu 
lar groove 74. Grooves 73 and 74 are aligned with each 
other and accommodate the snap ring 72. When the 
body 67 is inserted into bore 66, the snap ring 72 is 
contracted until grooves 73 and 74 are aligned. The 
snap ring 72 will then expand to hold the body 67 in a 
?xed longitudinal position in the bore 66. The snap ring 
72 permits the body 67 to be rotated. The body 67 has 
a ?rm frictional fit with bore 66 so that it cannot inad 
vertently rotate without the use of a tool. 
Other types of releasable locks can be used to hold 

the base 33 in a ?xed position on sleeve 48. Body 67 
can be provided with threads that cooperate with 
threads on sleeve 48 to hold the lock on sleeve'48. Base 
33 can be provided with serrations or arcuate recesses, 
shown in broken lines at 33A in FIG. 6, for accommo 
dating the side of head 69 to lock base 33 in a ?xed 
position on sleeve 48. Alternatively, base 33 can have 
grooves in wall 44 to accommodate a part of body 67 
mounted in a bore in sleeve 48 to lock the base 33 on 
sleeve 48. 
Referring to FIG. 11, there is shown a disc-type heart 

valve prosthesis indicated generally at 100 carrying a 
removable suturing assembly 109. Valve 100 is pivoted 
disc-type heart valve of the type shown in US. Pat. 
Nos. 3,476,143 and 3,737,919. Valve 100 has an annu 
lar base, ring or housing 101 having an inside annular 
wall 102. Annular wall 102 forms a passage 103 
through base 101. A valving member shown as a free 
?oating disc 104 is movably positioned in passage 103 
to control the ?ow of blood through the passage. The 
movement of disc 104 is controlled by pivot members 
106 and 107 secured to base 101 and projected into 
passage 103. FIG. 11 shows a ?rst pair of pivot mem 
bers 106 and 107. A second pair of pivot members (not 
shown) is mounted on base 101 and faces the members 
106 and 107. The disc 104 cooperates with the two 
pairs of pivot members during its opening and closing 
movements. Side arms or projections 108 extend up 

6 . 

wardly from the base 106 to retain the disc 104 in 
operative assembled relation with base 101. 
Suturing assembly 109 is mounted on the outside of 

base 101 and is used to attach the base to the heart 
tissue. Suturing assembly 109 has an annular sleeve or 

: ring member 111 carrying a ?exible fabric collar 112. 
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‘Sleeve 111 has a pair of annular outwardly directed , . 
?anges 113 and 114 and an outwardly open groove 
116. A cover 117 is located in the groove and is re 
tained therein with a plurality of cords 118. The cover 
117 has an outwardly directed annular ?exible ?ange 
for accommodating sutures or connecting structures to 
attach the cover 117 to the heart tissue. The ?ange of 
the cover can be eliminated whereby the suturing mem 
ber can be attached to heart tissue to place the valve in - 
the aortic position. 
The base 101 and sleeve 111 have coacting cooperat 

ing means indicated generally at 119 which permit the 
removal of the he‘artjvalve prosthesis from the suturing 
‘assembly after the suturing assembly has been attached 
to the heart tissue. The coacting cooperating means 
119 permits the circumferential or angular positioning 
of the valve base 101 relative to suturing sleeve 111. 
This allows the surgeon to change the orientation of the 
disc 104 and the direction of the ?ow of blood in the 
blood receiving chamber. One type of coacting cooper 
ating means, shown in FIG. 11, includes a threaded 
annular section 121 and a cylindrical section 122 .on 
sleeve 111. The base 101 has an external threaded 
section 123 and cylindrical section 124 which are com 
plementary to threaded sections 121 and 122 whereby 
the base 101 can be attached to the sleeve 111. Prefer 
ably, the threadsare four start threads whereby the 
base 101 can be mounted on sleeve 111 in four sepa 
rate positions. The number, size and type of the threads 
can vary. The plurality of start threads enables the 
surgeon to circumferentially orient the valve base and 
its disc in the heart so that the blood, as it ?ows through 
the valve, is de?ected in a desired direction in the 
heart. ‘ 

The base 101 is preferably locked on sleeve 111 after 
the base has been attached to the sleeve. A releasable 
lock, as indicated generally at 64 in FIGS. 3, 5, 6 and 7, 
can be used to achieve this purpose. Other types of 
locking structures can be used to hold the base 101 in 
a ?xed position on sleeve 111. The suturing assembly 
109 is constructed in a manner to receive other types of 
valves such as ball valve 25 shown in FIGS. 1 and 2 and 
the disc valves shown in FIGS. 12 and 13. 
Referring to FIG. 12, heart valve 200 has an annular 

base or housing 201 having an inside annular wall 202. 
The annular wall de?nes a passage 203 through base 
201. A valving member or disc 204 is operatively posi 
tioned in passage 203 to control the ?ow of blood 
through passage 203. The disc 204 cooperates with 
pivot members 206 and 207 during its movements be 
tween its open and closed positions. The pivot mem 
bers 206 and 207 are secured, to the base and extend 
into passage 203. A second pair of pivot members (not 
shown) located opposite the pivot members 206 and 
207 function with pivot members 206 and 207 to con 
trol the pivotal movement of disc 204. A retaining 
member 208 in the shape of a curved rod holds the disc 
204 in its moving operative assembled relation with the 
base 201. The retaining means is secured at one end to 
the base 201. The opposite end of retaining means 208 
projects through a center hole 204A in disc 204. The 
i'valvev200 is of the type shown in Pat. Nos. 
3,825,956 and 3,825,957. 
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Suturing assembly 209 is identical in construction 
with suturing members 109 and 309. The suturing as 
sembly 209 has annular ring or sleeve 211 carrying a 
?exible fabric collar 212. Collar 212 is located in a 
groove 216 and between ?anges 213 and 214 which 
project outwardly from sleeve 211. Collar 212 has a 
fabric‘ cover 217 having an outwardly directed ?exible 
annular ?ange. A plurality of cords 218 hold the cover 
217 in assembled relation on the sleeve 211 between 
the ?anges 213 and 214. 
Coacting cooperating means indicated generally at 

219 releasably connect the base 201 with sleeve 211. 
The coacting cooperating means 219 comprise struc 
ture in the form of a threaded section 221 and a cylin 
drical section 222 on sleeve 211. The outside annular 
wall of base 201 has a threaded section 223 and a cylin 
drical section 224 that are complementary to and coop 
erate with sections 221 and 222 of sleeve 211 to releas 
ably mount the base 201 on sleeve 211. Preferably, the 
threads of sections 221 and 223 are four start threads 
whereby the base 201 can be mounted on the sleeve 
211 in four positions. The number, size and type of 
threads can vary, permitting additional adjustment of 
the base relative to the sleeve. The cooperating thread 
structures between base 201 and sleeve 211 permit the 
surgeon to circumferentially orient the base 201 and 
disc 204 in the heart so that the direction of ?ow of 
blood through passage 203 can selected by the surgeon 
to be most advantageous to the patient. 
Referring to FIG. 13, there is shown a pivoted discoid 

heart valve of the type shown in US. Pat. No. 
3,824,629. Valve 300 has an annular base, ring or 
housing 301 having an inside annular wall 302. Annular 
wall 302 surrounds a passage 303 through base 301. A 
poppet or disc 304 is operatively positioned in passage 
303 and is used to control the ?ow of blood through the 
passage. The disc 304 cooperates with pivot members 
306 and 307 located on opposite sides of the disc dur 
ing its opening and closing movements to control the 
movement of disc 304. The disc 304 has a circular 
center top recess 304A which receives a center portion 
or projection 308 of the pivot member 306 to retain the 
disc in operative moving assembled relation with the 
base 301. 
A suturing assembly indicated generally at 309 is 

removably mounted on the outside of base 301. Sutur 
ing assembly 309 comprises an annular ring or sleeve 
311. A suture receiving collar 312 is mounted on the 
outside of sleeve 311. The sleeve 311 has outwardly 
directed annular ?anges 313 and 314 located on oppo 
site sides of an annular outwardly open groove 316. 
The The collar 312 comprises a fabric cover 317. A 
plurality of cords 318 are wrapped around inside por 
tions of the cover 317 to hold the cover in assembled 
relation with sleeve 311. A plastic sleeve can be used in 
lieu of cords 318. Examples of annular or sleeve hold 
ing means are disclosed in US. Pat. Nos. 3,396,409; 
3,763,548 and 3,824,629. Cover 317 has an outwardly 
directed annular flange adapted to receive sutures to 
attach the suturing assembly to the heart tissue. The 
?ange can be omitted whereby the collar will have a 
shape similar to the suturing collar shown in US. Pat. 
No. 3,824,629. 
Coacting cooperating means indicated generally at 

319 mount the base 301 on sleeve 311. The coacting 
cooperating means comprise the inside portion of 
sleeve 311 which includes a threaded section 321 and a 
cylindrical section 322. The base 301 has an annular 
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8 
outside threaded section 323 and a cylindrical section 
324 which are complementary to and cooperate with 
sections 321 and 322 to mount the base 301 on sleeve 
311. Preferably, the cooperating threads of sections 
321 and 323 are four start threads so that the base 301 
can be mounted on sleeve 311 in four circumferential 
positions. This permits the circumferential orientation 
of the base and disc 304 in the heart so that the surgeon 
can direct the blood in a desired direction. The num 
ber, size and type of threads can vary to achieve addi~ 
tional circumferential adjustment of the base relative to 
the sleeve. 
The procedure for mitral or aortic valve replacement 

includes exposure of the heart through a midline ster 
notomy or a right anerolateral thoracotomy with sub 
periosteal excision of the ?fth rib. Cannulas are placed 
within the superior and inferior venae cavae via inci 
sions in the right atrium and are maintained there with 
purse string sutures. The ascending aorta or the fe 
moral artery is used for arterial return ?ow via another 
catheter. Ventricular ?brillation is induced electrically 
before the left atrium is opened to prevent air emboli 
zation. A longitudinal left atriotomy allows visualiza 
tion of the chamber and the mitral valve area. The 
diseased valve is carefully excised and calcium is re 
moved from the valve’s annulus and from the out?ow 
track. As shown in FIG. 8, a small annular valvar rim or 
remnant 59 is retained for accommodating sutures 58 
of the suture assembly 26. As shown in FIG. 9, suture 
assembly 26 is secured to the heart tissue with suitable 
sutures 58 with the valve 25 removed from the suture 
assembly 26. After the suture assembly 26 is secured to 
the heart tissue, the valve 25 is attached to the suture 
assembly. This is shown in FIG. 10 and is accomplished 
by rotating the base 33 relative to the sleeve 48. A 
turning tool having a handle and ?ngers is used to apply 
rotational force on base 33. The ?ngers can project 
into holes in the top or in?ow side of the base 33 or can 
engage the legs and pivot structures so that rotational 
force can be applied to base 33. The threaded sections 
46 and 51 cooperate with each other ,to connect base 
33 to the sleeve 48. When base 33 is fully on sleeve 48, 
the shoulders 47 and 52 abut against each other. The 
top of base 33 is in alignment with the top of the ?ange 
53. In a similar manner, the bottom of base 33 is in 
alignment and ?ush with the outer surface of ?ange 54. 
The lock mechanism 64 is then actuated to hold the 
base in its assembled position relative to sleeve 48. This 
is accomplished by rotating the body 67 with a tool. 
The tool ?ts into the socket 71 so that the head 68 can 
be rotated to a locked position, as shown in full lines in 
FIG. 6. The left atriotomy is then closed and the heart 
is rewarmed. The heart is de?brillated with AC or DC 
current, unless this occurs spontaneously. 

In the event it is necessary to replace a heart valve 
prosthesis, the procedure for entering the heart is the 
same as described above. The heart valve prosthesis is 
unlocked from the sleeve 48 by rotating the lock means 
64 approximately 90° or until the ?at side 70 is aligned 
with the side of base 33, as shown in FIG. 3. This is 
accomplished by insertion of a tool in socket 71 and 
rotating the tool. The valve base 33 is now rotated with 
the turning tool in a release direction, thereby separat 
ing the valve base 33 from the sleeve 48. A new valve 
can then be inserted into the sleeve 48 and attached 
thereto. This is accomplished by rotating the base until 
the base of the new valve is in alignment with the sleeve 
48, as shown in FIG. 4. The lock mechanism 64 is then 



3,997,923 
9 

rotated with the tool to the locked position, as shown in 
FIG. 5, thereby holding the base 33 in its position rela 
tive to sleeve 48. , 
The heart valve prosthesis and suturing assembly and 

method of implanting the heart valve prosthesis and 
suturing assembly have been shownand described with 
respect to several embodiments. of the invention. 
Changes, modi?cations, and substitutions of materials, 
structure and methods can e made by those skilled in 
the art without departing from the invention. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as 
follows: 

1. A heart valve prosthesis and suturing means 
adapted to be attached to heart tissue and support the 
heart valve prosthesis in the heart comprising: an annu 
lar base having a passage for carrying blood, said base 
having a cylindrical outside wall, an outside threaded 
section and an outside shoulder between the outside 
wall and the outside threaded section, valving means 
movable relative to the base to a ?rst position to allow 
blood to flow in one direction through the passage and 
to a second position to restrict the flow of blood 
through the passage in the direction opposite the one 
direction, means retaining the valving means in opera 
tive movable relation with the base, suturing means 
attachable to heart tissue, said suturing means includ 
ing a sleeve having a cylindrical inside wall, an inside 
threaded section and an inside shoulder between the 
inside wall and inside threaded section, said inside and 
outside walls, threaded sections and shoulders engaging 
each other when the base is mounted on the sleeve, said 
sleeve having an outside annular channel, a suturing 
collar located in the channel adapted to be secured to 
heart tissue, and releasable lock means mounted on the 
sleeve and engageable with the base to fix the position 
of the base on the sleeve, said lock means having a lock 
position to ?x the location of the base on the sleeve and 
a release position allowing the heart valve prosthesis to 
be mounted on and removed from the suturing means 
after the suturing means is attached to the heart tissue. 

2. The structure of claim 1 wherein: the lock means 
has a body and means to. hold the body inassembled 
relation with the sleeve whereby the lock means is 
retained on the sleeve in both the lock position and 
release position of the lock means. 

3. The structure of claim 1 wherein: said inside and 
outside threads have a plurality of starts. 

4. The structure of claim 1 wherein: the lock means 
comprises a body located in a bore in the sleeve, a head 
attached, to the body, said head having a portion en 
gageable with the base when the base is mounted on the 
sleeve, and means engageable with the body and sleeve 
to hold the body in assembled relation with the sleeve 
whereby‘the lock‘ means is retained on the sleeve in 
both the lock position and release position of the lock 
means. , 

5. The structure of claim 1 wherein: the suturing 
collar includes a porous fabric and means holding the 
fabric on the sleeve. 

6. The structure of claim 5 wherein: the sleeve has 
grooves open to the channel for accommodating parts 
of the fabric, and said means holding the fabric on the 
sleeve includes cord means holding the parts of the 
fabric in the grooves. 

7. The structure of claim 1 wherein: the valving 
means is a ball. 

8. The structure of claim 1 wherein: the valving 
means is a disc. 
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. 9. The structure of claim 1 wherein: the valving 
means is a discoid valve poppet. 4 . I 
. 10. The structure of claim 1 wherein: the-valving 
means is a member that moves angularly relative to the 
base. ~ ' . 

11. Means for supporting a heart valve prosthesis in a 
heart, said heart valve having a base, said base having a 
passage for carrying blood, valving means for control 
ling one-way flow of blood through the passage, and 
means retaining the valving means in moving operative 
relation with the base comprising: ?rst means attach 
able to heart tissue, second means associated with the 
?rst means and a base to releasably support the base on 
the ?rst means whereby the heart valve prosthesis can 
be mounted on and removed from the ?rst means after 
the ?rst means is attached to the heart tissue, and lock 
means mounted on the ?rst means, said lock means 
movable to a release position to allow the heart valve 
prosthesis to be removed from and mounted on the ?rst 
means and movable to a lock position to hold the heart 
valve prosthesis in a ?xed position relative to the ?rst 
means. 

12. The means of claim 11 wherein: the ?rst means 
includes an annular sleeve and the second means in 
cludes means on the sleeve for releasably attaching the 
base to said sleeve. 

13. The means of claim 11 wherein: said second 
means comprises screw threads. 

14. The means of claim 11 wherein: said lock means 
has a body and means to hold the body in assembled 
relation with the ?rst means when the lock means is in 
either the release position or the lock position. 

15. The means of claim 11 wherein: the ?rst means 
includes an annular sleeve, a collar surrounding the 
sleeve, said collar including a porous fabric and means 
holding the fabric on the sleeve. ' 

16. The means of claim 11 wherein: the second 
means includes ?rst screw threads on the base and 
second screw threads on the ?rst means, said ?rst and 
second threads cooperating with each other to hold the 
base on the ?rst means. 

17. The means of claim 16 wherein: the ?rst and 
second screw threads have a plurality of starts. 

18. A suturing assembly attachable to heart tissue for 
releasably holding a heart valve prosthesis, comprising: 
an annular member having means for releasably hold 
ing the heart valve prosthesis cover means surrounding 
the annular member, means holding'the cover means 
on the annular member and lock means movably 
mounted on the annular member locatable in a release 
position to allow the heart valve prosthesis to be 
mounted on and removed from the annular member 
and locatable in a lock position to hold the heart valve 
prosthesis in a ?xed position relative to the annular 
member. 

19. The suturing assembly of claim 18 wherein: the 
means for releasably holding the heart valve prosthesis 
includes screw threads cooperating with a portion of 
the heart valve prosthesis. 
20. The suturing assembly of claim 19 wherein: the 

threads have a plurality of starts. 
21. The suturing assembly of claim 18 ‘wherein: the 

annular member has outwardly directed ?anges and 
grooves adjacent said ?anges, said cover means having 
portions located in the grooves, said means holding the 
cover means including cord means holding the portions 
in the grooves. 
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22. The suturing assembly of claim 18 wherein: the 
annular member is a sleeve, said means for releasably 
holding the heart valve prosthesis comprising thread 
means on part of the sleeve that cooperate with por 
tions of the heart valve prosthesis to releasably hold the 
heart valve prosthesis in assembled relation with the 
sleeve. 
23. The suturing assembly of claim 18 wherein: the 

lock means has a body and means to hold the body in 
assembled relation with the annular member when the 
lock means is in either the release position or the lock 
position. 
24. The suturing assembly of claim 18 wherein: the 

heart valve prosthesis has a base with a cylindrical 
outside'wall, a threaded section and a shoulder be 
tween the outside wall and threaded section, said annu 
lar member including a cylindrical inside wall, a 
threaded section, and a shoulder between the inside 
wall and threaded section, said inside and outside walls, 
threaded sections and shoulders engaging each other 
when the heart valve prosthesis is mounted on the su~ 
turing assembly. 
25. A method of implanting a heart valve prosthesis 

and suturing assembly in a heart, said prosthesis having 
a base and said suturing assembly having a sleeve ac 
commodating the base, coacting means on the base and 
sleeve to mount the base on the sleeve, and releasable 
lock structure movable to a lock position to hold the 
base on the sleeve and movable to a release position to 
allow the base to be mounted on the sleeve, compris 
ing: exposing the heart, opening the exposed heart, 
removing the defective natural heart valve, placing the 
suturing assembly in the opening formed by the re 
moved natural heart valve, attaching the suturing as 
sembly to the heart tissue with the lock structure lo 
cated in the release position, attaching the heart valve 
prosthesis to the suturing assembly by positioning the 
base in assembled relation with the sleeve, moving the 
lock structure to the lock position to ?x the position of 
the base on the sleeve, and closing the heart. 
26. The method of claim 25 wherein: the suturing 

assembly is attached to the heart tissue with stitches. 
27. The method of claim 25 including: circumferen 

tially orientating the heart valve prosthesis on the su 
turing assembly when the heart valve prosthesis is being 
attached to'the suturing assembly. 
28. A method of replacing a ?rst heart valve prosthe 

sis located in a heart with a second heart valve prosthe‘ 
sis in a suturing assembly attached to heart tissue with 
out removing the suturing assembly from the heart 
tissue, each prosthesis having a base, said suturing as 
sembly having a sleeve accommodating each base, 
coacting means on each base and the sleeve to mount 
each base on the sleeve, and releasable lock structure 
movable to a lock position to hold each base on the 
sleeve and movable to a release position to allow each 
base to be mounted on and removed from the sleeve, 
comprising: exposing the heart, opening the exposed 
heart, moving the lock structure to the release position, 
removing the ?rst heart valve prosthesis from the sutur 
ing assembly without separating the suturing assembly 
from the heart tissue, mounting the second heart valve 
prosthesis on the suturing assembly by positioning the 
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12 
base of the second heart valve prosthesis in assembled 
relation with the sleeve, moving the lock structure to 
the lock position to ?x the position of the base of the 

- second heart valve prosthesis on the sleeve, and closing 
the heart. ‘ 

29. The methodof claim 28 including: circumferen 
tially orientating the second heart valve prosthesis on 
the sleeve when the second heart valve prosthesis is 
being mounted on the sleeve. 
30. A heart valve prosthesis and suturing means 

adapted to be attached to heart tissue and support the 
heart valve prosthesis in the heart comprising: a heart 
valve prosthesis having an annular base having an in 
side wall forming a passage for carrying blood and an 
outside wall, valving means movable relative to the 
base to a ?rst position to allow blood to ?ow in one 
direction through the passage and movable to a second 
position to restrict the flow of blood through the pas 
sage in the direction opposite the one direction, means 
retaining the valving means in operative movable rela 
tion to the base, suturing means attachable to heart 
tissue, said suturing means including a sleeve having an 
inside wall and means surrounding the sleeve attach 
able to heart tissue, coacting means on the outside wall 
of the base and the inside wall of the sleeve to releas 
ably mount the base on the sleeve whereby the heart 
valve prosthesis can be mounted on and removed from 
the suturing means after the suturing means is attached 
to the heart tissue, and releasable lock means cooperat~ 
ing with the sleeve and the base to hold the base on the 
sleeve, said lock having a lock position to ?x the loca 
tion of the base on the sleeve and a release position 
allowing the base to be mounted on and removed from 
the sleeve. 
31. The structure of claim 30 wherein: said lock 

means has a body and means to hold the body in assem 
bled relation with the sleeve whereby the lock means is 
retained on the sleeve in both the lock position and the 
release position of the lock means. 
32. The structure of claim 30 wherein: the lock 

means comprises a body located in a bore the sleeve, a 
head attached to the body, said head having a portion 
engageable with the base when the base is mounted on 
the sleeve, and means engageable with the body and 
sleeve to hold the body in assembled relation with the 
sleeve whereby the lock means is retained on the sleeve 
in both the lock position and release position. 
33. The structure of claim 30 wherein: the coacting ‘ 

means includes an outside threaded portion on the base 
and an inside threaded portion on the sleeve, said in~ 
side and outside threaded portions cooperating with 
each other to mount the base on the sleeve. 
34. The structure of claim 33 wherein: said inside and 

outside threaded portions have threads with a plurality 
of starts. } ' 

35. The structure of claim 30 wherein: the base has a 
cylindrical outside wall, said sleeve has a cylindrical 
inside wall adapted to engage the outside wall of the 
base when the base is mounted on the sleeve, said out 
side wall of the base and inside wall of the sleeve in 
cluding cooperating shoulders which engage each other 
when the coacting means cooperates to mount the base 
on the sleeve. 

* * * * * 
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